IL-8 has been shown to be a human neutrophil and T cell chemoattractant in vitro. In an effort to assess the in vivo effects of IL-8 on human leukocyte migration, we examined the ability of rhIL-8 to induce human T cell infiltration using a human/mouse model in which SCID mice were administered human peripheral blood lymphocytes intraperitoneally, followed by subcutaneous injections of rhIL-8. rhIL-8 induced predominantly murine neutrophil accumulation by 4 h after administration while recombinant human macrophage inflammatory protein-1 ␤ (rhMIP-1 ␤ ) induced both murine monocytes and human T cell infiltration during the same time period as determined by immunohistology. Interestingly, 72 h after chemokine administration, a marked human T cell infiltrate was observed in the IL-8 injection site suggesting that rhIL-8 may be acting indirectly possibly through a murine neutrophil-derived T cell chemoattractant. This hypothesis was confirmed using granulocyte-depleted SCID mice. Moreover, human neutrophils stimulated in vitro with IL-8 were found to release granulederived factor(s) that induce in vitro T cell and monocyte chemotaxis and chemokinesis. This T cell and monocyte chemotactic activity was detected in extracts of both azurophilic and specific granules. Together, these results demonstrate that neutrophils store and release, upon stimulation with IL-8 or other neutrophil activators, chemoattractants that mediate T cell and monocyte accumulation at sites of inflammation. ( J. Clin Invest. 1996Invest. 97:1931Invest. -1941
Introduction
IL-8 is an 8400-dalton protein, that was recently isolated, sequenced, and cloned (1) (2) (3) (4) . IL-8 is synthesized and secreted by LPS-stimulated monocytes, macrophages, and by numerous other nonleukocytic cell types, including epithelial and endothelial cells, lymphocytes, fibroblasts, and keratinocytes (4) (5) (6) (7) . IL-8 is produced in response to a number of noxious or infectious stimuli including LPS, zymosan, IL-1, and TNF ␣ (4-6). IL-8 was initially identified as a chemoattractant for neutrophils but not monocytes (1, 2) . This view is supported by the detection of IL-8 at inflammatory sites characterized by neutrophil infiltration (8) (9) (10) (11) (12) (13) (14) (15) . IL-8 has also been shown to activate neutrophils in inflammatory sites (4-6, 16, 17) . Several laboratories have shown that IL-8 induces rapid neutrophil degranulation permitting the release of specific granule enzyme contents into the culture supernatants (4-6, 18, 19) .
T lymphocytes have also been reported to migrate in response to IL-8 both in vivo and in vitro (4) (5) (6) (20) (21) (22) (23) (24) . However, because the ability of IL-8 to induce T cell migration has been a point of controversy (5, 24) , we have investigated the effects of rhIL-8 on human T cell migration in vivo in SCID mice reconstituted with human peripheral blood T lymphocytes. Further in vitro analysis of this effect has determined that IL-8 activates neutrophils to release prestored chemotactic products from their granules that mediate the in vitro migration of human T lymphocytes.
Methods
Mice. C.B-17 scid/scid (SCID) mice were obtained from the Animal Production Area, NCI-FCRDC (Frederick, MD). Mice were used at 8-12 wk of age and were kept under specific pathogen-free conditions (25) . The SCID mice were housed in microisolator cages, and all food, water, and bedding were autoclaved before use. SCID mice received 40 mg of trimethoprim and 200 mg of sulfamethoxazole per 320 ml of drinking water.
Cells. The human peripheral blood T cells were prepared using PMBCs from normal donor obtained by leukopheresis (26) . Donors provided informed consent. PBMC were passaged over FicollHypaque to remove erythrocytes, granulocytes, and cellular debris. T cells and T cell subsets were then purified using a modified procedure using R&D T cell and T cell subset enrichment columns (R&D System, Minneapolis, MN). Viable cells isolated from the F/H interface (1 ϫ 10 7 cells/ml) were subsequently incubated at 4 Њ C with 10 g/ml anti-CD16 antibody for 30 min, and then passaged over an R&D System T-cell enrichment column. Preincubation of PBMCs with anti-CD16 antibody facilitates the removal of NK cells from the T cell preparations. This isolation procedure typically yielded Ͼ 95% motile CD3 ϩ CD14 Ϫ CD19 Ϫ CD16 Ϫ CD56 Ϫ lymphocytes. Similarly, CD4
ϩ and CD8 ϩ T cell subsets were also isolated using R&D System T cell subset columns following the manufacturer's instructions and typically yielded Ͼ 98% purified T cell subpopulations. The contaminating cell populations in the T cell and T cell subset preparations were negative for CD14, CD16, CD19, and CD56 markers and therefore did not include NK cells, monocytes, or B cells.
Human neutrophils were isolated by previously described methods (2) . Briefly, erythrocytes were removed by sedimentation with 1.5% dextran, mononuclear cells were removed by Ficoll-Hypaque, and residual red blood cells were lysed using hypotonic lysis. The pu-rity of the isolated neutrophils was assessed by differential analysis using Wright's stain and was generally Ն 98% neutrophils. However, in some neutrophil preparations, 0-2% human eosinophils were copurified. This may account for the enhanced degranulating effects of IL-8 on VCAM-1-coated plates using neutrophil preparations as human neutrophils do not bear VLA-4 receptors.
Human monocytes were isolated from peripheral blood mononuclear cells using a discontinuous Percoll gradient to separate monocytes from the various lymphocytic populations. Typically, Ͼ 90% enriched monocytes were isolated using this technique as confirmed by FACS analysis and esterase staining.
Murine neutrophils were isolated through the i.p. injection of 1.5 ml of protease peptone in BALB/c mice and harvesting the generated peritoneal fluid 4 h later. The peritoneal exudate cells derived by this method contain up to 49% neutrophils. The cells were subsequently treated with 1.5% dextran to remove erythrocytes and FicollHypaque to remove mononuclear cells. Residual red blood cells were lysed using hypotonic lysis. The purity of the isolated neutrophils was assessed by differential analysis using Wright's stain and was generally Ն 94% neutrophils.
In vivo studies and generation of huPBL-SCID mice. All mice received 20 l of ␣ ASGM1 i.v. 1 d before human cell injection (anti-ASGM1, Wako Chemicals, Dallas, TX), which we previously found to improve human cell engraftment through the abrogation of SCID NK activity (25) . HuPBL for transfer experiments were obtained from healthy donors in leukopaks. All donors were screened for HIV-1 and hepatitis B before donation and signed informed consents. The huPBL were then elutriated by counter-current elutriation to remove monocytes and fractions containing Ͼ 90% of lymphocytes were used (25) . The cells were then counted on a Coulter Counter (Coulter Electronics, Hialeah, FL) and 1 ϫ 10 8 huPBL were injected i.p. into SCID recipients. Immediately after huPBL injection, rhIL-8, or rhMIP-1 ␤ (1 g in 0.1 ml PBS) or 0.1 ml PBS was injected s.c. in the SCID mice. Mice were either assayed 4 or 72 h after daily injection. The 4 and 72 h time point was selected after a series of kinetic histological analyses to examine maximal infiltration into the injection site post immunization. 4 h was optimal for acute leukocyte recruitment while 72 h was optimal for the more chronic lymphocyte recruitment. In addition, several concentrations of IL-8 and MIP-1 ␤ were tested in this model, including 100 ng, 1 g, and 10 g. In all cases, injection of higher doses (10 g) of rhIL-8 resulted in a less potent infiltration into the injection site (data not shown). For the granulocyte depletion experiments, SCID mice received the anti-granulocyte antibody, 8C5 (purified ascites) 0.2 mg i.p. for 2 d before huPBL transfer. Experiments contained 3-5 mice per group and were performed four times using different huPBL donors with representative experiments being shown.
Histology. Injection sites from one to three mice per experimental group were mixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 m and stained with hematoxylin and eosin (H&E). Slides were evaluated microscopically without knowledge of the experimental treatment.
Immunohistochemistry. Skin injection sites and the underlying body wall were embedded in O.C.T. compound tissue medium (Baxter Health Care Corp., Charlotte, NC), snap-frozen on dry ice and stored at Ϫ 70 Њ C until sectioning. Tissues were then sectioned on a cryostat at 5 m. Before staining, tissue sections were warmed to room temperature, fixed for 10 min in acetone, and rinsed in PBS. The following primary mouse DAKO antibodies (Dako Corporation, Carpenteria, CA) were used: DAKO-CD3, T3-4B5 (normal human blood T lymphocytes); DAKO-CD4, MT310 (CD4 helper/inducer lymphocytes); DAKO-CD8 and DK25 (CD8 cytotoxic/suppressor T lymphocytes).
Dilutions of antibody were 1:150, 1:40, and 1:30, respectively; incubation time was 30 min. The avidin-biotin complex (ABC) method was used with the mouse ABC Vectastain Elite Kit (Vector Laboratories, Burlingame, CA) as the secondary antibody and 3,3 Ј diaminobenzidine as the chromogen. Mayer's hematoxylin was used as a counter-stain. An injection site negative control (mouse Elite kit and no primary antibody) and a positive control (pelleted normal human lymphocytes) were included for each sample run. We have previously found that the anti-human CD3 mAB did not bind either SCID splenocytes or subcutaneous tissues (37) (38) .
Injection sites were evaluated microscopically without knowledge of the experimental treatment. Immunostaining was graded from minimal (1 ϩ ) to extensive (4 ϩ ) based on intensity and distribution of positive cells.
Chemokines and antibodies. The chemokines IL-8, RANTES, MCP-1, and MIP-1 ␤ were expressed in E. coli and fresh batches were purchased from Pepro Tech, Inc. (Rocky Hill, NJ). Anti-MIP-1 ␣ , -MIP-1 ␤ , -RANTES, -IL-8, and -MCP-1 antisera were obtained from R&D Systems (Minneapolis, MN). These antibodies have been shown to be specific and noncross-reactive (D. Taub, data not shown).
Chemotaxis assay. Neutrophil and monocyte migration were quantified using a modification of the Boyden chamber technique (27) . Briefly, PMN and monocytes were suspended at 2 ϫ 10 6 cells/ml in RPMI 1640 plus 0.5% BSA, and were placed in the top wells of a 48-well microchemotaxis chamber. The upper and lower wells were separated by a 5-m pore size polycarbonate filter (Neutrophils, PVP-free; Monocytes, PVP) that separated the cells from the control and experimental samples in the bottom wells. Neutrophil migration assays were incubated for 30 min at 37 Њ C in a 5% CO 2 moist atmosphere, while monocyte chemotaxis assays were incubated for 90 min at 37 Њ C. The filters were then washed to remove non-migrating cells from the upper surface. Filters were subsequently fixed in methanol and stained with Diff-Quik, and the number of migrating cells per high-powered field were counted for each well. The results represent the average number of migrating cells per high power field ( Ϯ SD).
T-cell migration was quantitated as previously described (27, 28) . T cells were suspended at 10 7 cells/ml in RPMI containing 0.5% FCS, and were placed in the top wells of a 48-well microchemotaxis chamber. The upper and lower wells were separated by a 5-m pore size polycarbonate filter that separated the cells from the control and experimental samples in the bottom wells. All polycarbonate filters used were coated with human plasma fibronectin 2 h before use in the assay (29) . The chambers were incubated for 4 h at 37 Њ C in a 5% CO 2 moist atmosphere, and the filters were washed to remove nonmigrating T cells from the upper surface. Filters were subsequently fixed and stained as described above. The results represent the average number of migrating cells per high powered field ( Ϯ SD).
Neutrophil granule preparations. After neutrophil isolation, neutrophil granules were separated by continuous sucrose gradients as initially described by West et al. (30) and Wright et al. (31) . PMNs were washed several times in PBS (Mg 2 ϩ /Ca 2 ϩ -free) to remove residual serum components and Ficoll-Hypaque from the suspension. The PMNs were then lysed by resuspending the cells in a lysis buffer containing 0.25 M sucrose, 10 mM Hepes (pH 7.4), and 4 mM EGTA followed by nitrogen cavitation. Nuclei and debris were removed by centrifugation at 600 g for 15 min or passage through both 5 and 2 m polycarbonate filters. Resulting granule-rich lysates were then layered over 48% Percoll and centrifuged at 30,000 rpm for 30 min. The granules were recovered from the Percoll fractions, pooled, and tested for enzymatic activity. Dense granules were solubilized in 10 mM Hepes, 2 M NaCl (pH 7.4) and then subjected to two rapid freeze-thaw cycles using dry ice in 95% ethanol and a 37 Њ C waterbath. The mixture was centrifuged at 100,000 g for 3 h to remove insoluble material. The supernatant was frozen in small aliquots at Ϫ 70 Њ C and then used in experiments as a crude granule extract.
For the enrichment of azurophilic and specific neutrophil granules, non-lysed neutrophil granule preparations (5 ml) were layered over continuous sucrose gradients with specific gravities ranging from 1.12 to 1.28 in cellulose nitrate centrifuge tubes, then centrifuged at 100,000 g for 4 h at 4 Њ C. After centrifugation, gradients were pumped out at 1 ml/min through the bottom of the centrifuge tube and 1.4-ml fractions were collected for enzyme determinations. Previous reports using this technique have revealed that three granule fractions and a particulate fraction that contain enzymes characteristic of plasma membrane can be obtained. The granules have been labeled 1, 2, and 3 and it has been shown that granules 1 and 2 correspond to azurophilic granules and 3 to the specific granules (32) . The various granule fractions were assessed for protein levels, enzyme levels, and were subsequently pooled, diluted in 0.34M sucrose, pelleted by centrifugation at 27,000 g for 25 min, washed twice in PBS, repelleted and then lysed by three freeze-thaw cycles as described above.
Measurement of azurophilic and specific granule release. Determination of the amount of lactoferrin (LF) released by neutrophils was performed with cell supernatants after IL-8, FMLP, or PMA exposure for 4-6 h in a serum-free medium. The assay used was an enzyme-linked immunosorbent assay described in detail elsewhere (33) . The results are presented as nanomoles of lactoferrin per 10 6 PMNs.
The levels of ␤ -glucuronidase ( ␤ -GLU) were measured as previously described (34). Briefly, the level of ␤ -glucuronidase was determined in 0.1 M sodium acetate buffer (pH 4.4) with 0.001M phenolphthalein glucuronic acid (Sigma Chemical Co., St. Louis, MO) and 0.5 mg of protamine sulfate. Samples were covered and incubated for 24 h at 37 Њ C. Chromagen was read at 540 nm and expressed as g phenolphthalein released per hour per milliliter.
Lactic dehydrogenase (LDH) was assayed according to the method of Wroblewski et al. (35) and was expressed as milliunits per milliliter.
Myeloperoxidase (MPO) was determined by a modification of the o -toluidine method by Baggiolini et al. (36) . Chromagen was allowed to develop for 6 min after the addition of 100 l of sample and stopped by the addition of 50% NaOH. Horseradish peroxidase (HRP) (Sigma Chemical Co.) was the enzyme standard and the results were expressed as g equivalents of HRP per milliliter.
In all experiments, a DynaTech spectrophotometer was used in the analysis of enzymatic activity. Protein levels of granule fractions were determined by ultraviolet absorption at 210 nm.
Results

rhIL-8 induces significant murine neutrophil but little human T cell infiltration after 4 h in huPBL-SCID mice.
Previous studies from several laboratories have shown IL-8 to be a potent neutrophil and lymphocyte chemoattractant both in vivo and in vitro (20) (21) (22) (23) . However, the direct effects of IL-8 on human T cell migration still remain controversial using standard in vitro chemotaxis assays (24) . We therefore wanted to evaluate rhIL-8 on human T cell infiltration in vivo utilizing a human/ mouse migration system we have recently described (37, 38) . HuPBL were initially transferred intraperitoneally into SCID mice. The mice were then injected subcutaneously with either 1 g of rhIL-8, MIP-1 ␤ , or HBSS once daily. 4 or 72 h after the initial cell transfer, the injection site and underlying tissue were biopsied and examined by immunohistology for the presence of human CD3 ϩ T cells. Four hours after injection, rhIL-8 induced significant murine neutrophil infiltration into the injection area as determined by histology (Fig. 1, B and C ) . These results are consistent with previous reports describing the inflammatory properties of IL-8 (4-6). Few or no mononuclear cells were also observed at this time point but immuno- histological examination failed to reveal significant human T cell infiltration (Table I) . In contrast, rhMIP-1␤ induced predominantly mononuclear cell infiltrates at this 4 h time point. Immunohistological analysis revealed that the majority of the cells found within this MIP-1␤-induced infiltrate were CD3 ϩ human T cells (Fig. 2, A and B, Table I ). Thus, treatment of huPBL-SCID mice with rhIL-8 induced significant murine neutrophil but little human T cell migration within 4 h, while rhMIP-1␤ induced predominantly human T cell and murine monocyte migration at this same time interval. This rapid MIP-1␤-induced human T cell infiltration supports a direct effect on T cells and supports our previous findings that MIP-1␤ is a potent T cell chemoattractant (23) .
rhIL-8 induces significant human T cell migration after 72 h in huPBL-SCID mice and the infiltration is dependent on murine neutrophils.
Upon examination of huPBL-SCID mice 72 h after chemokine injection, markedly different cell types were detected infiltrating the biopsy site. Mice treated with rhIL-8 demonstrated significant mononuclear cell infiltration at this time point with evidence of continued murine neutrophil infiltration (Fig. 1, D and E, Table I ). The vast majority of these mononuclear cells were found to be human CD3 ϩ T cells (Fig.  2 C) . Both CD4 ϩ and CD8 ϩ T cells were found to be present in comparable amounts (data not shown). The mice injected with MIP-1␤ for 72 h exhibited similar levels of human T cells infiltration to that observed at the 4-h time point (Table I) . Interestingly, the extent of the human T cell infiltration in response to IL-8 after 72 h was greater than that observed with other chemokines such as RANTES (37) and MCP-1 (38) or MIP-1␤, which directly induce human T cell migration in vitro (23) . Thus, rhIL-8 is capable of inducing significant human T cell infiltration in vivo at 72 h when compared with other chemokines such as MIP-1␤. This lymphocyte migration appears to occur after an induction of murine neutrophil infiltration in the injection site. These results suggested that human T cell infiltration in response to rhIL-8 may be indirect in this huPBL-SCID mouse model through the release of substances by murine neutrophils upon entry into the injection sites.
In an effort to determine whether human T cell infiltration into IL-8 injections sites was due to prior neutrophil entry, we injected mice with the neutrophil depleting antibody, 8C5, and histologically examined IL-8 injection sites after 4 and 72 h for neutrophil and T cell infiltration. The results in Fig. 3 demonstrate that IL-8 injection sites in 8C5-treated mice failed to exhibit any leukocyte infiltration at 4 and 72 h while control mice demonstrated a profound neutrophil and lymphocyte infiltration at these time intervals after IL-8 administration. Immunohistology demonstrated that no human T cells were present in the IL-8 injection sites in 8C5-treated mice after 72 h (Fig. 2  E) . These results suggest that neutrophil infiltration may be an important prerequisite for subsequent T cell migration into inflammatory areas.
IL-8 and FMLP induce the release of azurophilic and specific granule contents from human neutrophils bound to fibronectin. Since neutrophils appear to contribute to human T cell migration observed in vivo, the capacity of IL-8 to stimulate the production or release of T cell chemoattractants from human neutrophils was then investigated. Human neutrophils were stimulated with either IL-8 (50 ng/ml), A23187 (500 nM), or medium alone for 4 h at 37ЊC on fibronectin-or uncoated tissue culture plates, after which supernatants were collected and tested for enzyme release and chemotactic activity. The results in Table II demonstrate that IL-8 induced the release of lactoferrin, ␤-glucuronidase, and myeloperoxidase from neutrophils on fibronectin-but not non-coated plates. The low LDH levels observed in all the neutrophil cultures suggest that the release of the various enzymes is not due to cell death. The calcium ionophore A23187 was used as positive control and, contrary to previous findings, induced both azurophilic and specific granule release on both fibronectin-and noncoated plates (32, 39) . Similar degranulation results were observed using FMLP and PMA (data not shown). It is indeed interesting *Immunohistology performed on tissue biopsy sections at 4 or 72 h after huPBL injection (each experiment represents a different huPBL donor) using a MoAb to human CD3 as described in Methods. ‡ Injection sites were examined microscopically without knowledge of experimental treatment. Immunostaining was graded from minimal (1ϩ) to extensive (4ϩ) based on the intensity and distribution of CD3 ϩ T cells.
that IL-8 and FMLP (data not shown) also permitted the release of both azurophilic and specific granule products in the presence of fibronectin. Previous studies have demonstrated that only specific granules (in the absence of cytochalasin B) release their contents in response to IL-8 and FMLP (18, 19, 32) . IL-8-induced neutrophil degranulation appears to require the presence of active VLA molecules, because neutralization analysis with monoclonal antibodies specific for CD29 but not for CD18 or VLA-6 inhibited neutrophil degranulation (data not shown). In certain neutrophil preparations, IL-8-induced degranulation was also found to be enhanced on VCAM-1-coated plates; however, this VCAM-1 effect appeared to be due to the presence of contaminating eosinophils.
Supernatants derived from IL-8-or FMLP-stimulated
PMNs induce leukocyte chemotaxis. Neutrophil-derived supernatants were also tested for their ability to chemoattract leukocytes. Fig. 4 demonstrates that IL-8, FMLP, and PMA each induces the release of chemotactic mediator(s) from human neutrophils with potent chemotactic effects on monocytes and T cells. These neutrophil-derived chemotactic factor (NDCF) preparations induced a dose-dependent in vitro chemotaxis of all these cell types with typical bell-shaped curves (Fig. 4 B) . The chemokine RANTES was used as a positive control in these studies and similarly induced potent T cell migration (data not shown). While these studies suggest that IL-8, FMLP, and PMA can induce neutrophil degranulation and the release or production of chemotactic factor(s), the presence of these stimulatory agents (IL-8, FMLP, and PMA) in the NDCF preparations makes if difficult to determine whether the granule products alone are responsible for cell migration or whether this migration is influenced or occurs in response to these stimulators. Thus, unstimulated human and mouse neutrophil granule preparations (as described in Methods) were tested for their ability to induce leukocyte migration. Through a series of sucrose and percoll gradient fractionations of our neutrophil preparations, we have isolated whole (nonlysed) PMN granules which contain all the known enzymes of neutrophils (both specific and azurophilic granules). Fig. 5 A demonstrates that granules of unstimulated human neutrophils (NGs) contain very potent chemoattractants for monocytes and T cells. As with the NDCF preparations, NGs induced a dose-dependent chemotactic response of all the tested cell types. Similarly, enriched mouse NGs also promoted human T cell and monocyte migration in vitro (Fig. 5 B) . The studies using the mouse NG preparations are quite important as our in vivo studies would suggest that the influx of mouse neutrophils would preface human T cell infiltration in the presence of IL-8. The fact that mouse NGs operate on human T cells and monocytes strongly supports our hypothesis.
It was important to distinguish directed movement (chemotaxis) through the filters of a Boyden chamber as opposed to merely accelerated random movement (chemokinesis). The checkerboard analysis in Table III demonstrates that NGs are both chemotactic and chemokinetic for T cells as well as monocytes. Depending on the NG donor, ‫ف‬ 35-50% of the mi- Figure 4 . Supernatants derived from IL-8-and FMLP-stimulated neutrophils are chemotactic for T cells and monocytes. Human neutrophils were either cultured alone on fibronectin-coated plates or in the presence of IL-8 (50 ng/ml), FMLP (10 Ϫ7 M), PMA (2 ng/ml), or A23187 (500 nM) for 4 h at 37ЊC after which supernatants were collected. Medium containing IL-8, FMLP, PMA, and A23187 alone were also tested for their ability to facilitate chemotaxis as controls. Various dilutions of these neutrophil-derived supernatants were placed in the lower wells of a microchemotaxis chamber and subsequently tested for their ability to induce leukocyte chemotaxis. Puri- . Purified neutrophil granules (NGs) are chemotactic for T cells and monocytes. Enzyme-active fractions of the neutrophil granule preparations were pooled and tested for their ability to induce leukocyte migration (as described in Methods). Various dilutions of the pooled preparations were placed in the lower wells of a microchemotaxis chamber and subsequently tested for their ability to induce leukocyte chemotaxis. Purified T cells () or monocytes (᭡) were placed in the upper well of the chamber and incubated for various time periods at 37ЊC. The results are expressed as the mean number of migrating leukocytes per high power field (ϮSD). Similar results have been observed using several T cell and neutrophil donors (n ϭ 5).
gration observed in response to NGs was chemokinetic as opposed to chemotactic suggesting that multiple mediators may be present within NGs preparations. Similar results were observed with the NDCF preparations (data not shown). Fig. 6 A demonstrates that NGs contain chemoattractants for both CD4 ϩ and CD8 ϩ T cell subsets. CD4 ϩ T cells appeared to be significantly more responsive to the NG preparations than CD8 ϩ T cells. The cloned CD4 ϩ tetanus-toxoid reactive human T cell clone, 3E12, also migrated in response to NGs (Fig. 6 B) .
Neutralization analysis reveals that the majority of the NG activity is not due to chemokines. To determine whether any of the chemotactic activity within NGs is due to the presence of chemokines, the effects of neutralization using specific antibodies against MIP-1␣, MIP-1␤, RANTES, MCP-1, and IL-8 was tested. Fig. 7 demonstrates that only ‫ف‬ 15-18% of the chemotactic activity for T cells in NGs was neutralized by the addition of anti-MIP-1␣ and anti-MIP-1␤ antibody and Ͻ 10% was neutralized by the addition of anti-IL-8 antibody.
However, no significant inhibition was observed by the addition of anti-RANTES, or -MCP-1 antibody to the chemotaxis assays. These antibodies were found to completely neutralize the activity of their specific recombinant chemokines in vitro (data not shown). These results suggest the possibility that low concentrations of the chemokines MIP-1␣, MIP-1␤, and IL-8 are present within NG preparations but that most of the chemoattractant activity is due to other chemoattractants.
Azurophilic and specific granule products induce T cell migration in vitro. In an effort to determine whether the chemotactic products derived from NGs are localized in either the azurophilic or specific granule compartments, sucrose gradients were utilized to separate the various granule fractions. Granule fractions were tested for the presence of lactoferrin, ␤-glucuronidase, LDH, and myeloperoxidase to differentiate fractions containing azurophilic vs specific granule contents and were subsequently examined for T cell and monocyte chemotactic activity. As previously described by West et al. (30) (31) (32) , fractions 1 and 2 contain the majority of the ␤-glucuronidase and myeloperoxidase activity, while fraction 3 contains most of the lactoferrin activity (data not shown). The results in Fig. 8 demonstrate that both enriched azurophilic and specific granules yielded T cell and monocyte chemotactic factors. The chemotactic potency of these fractions was much less compared to the unfractionated NG control. However, this may be due to loss of activity in the course of fractionation of these granules over a sucrose gradient. Alternatively, factors from each granule type may act additively or synergistically when administered together. These results suggest that both azurophilic and specific granules contain T cell and monocyte chemoattractants.
Discussion
The accumulation of monocytes and lymphocytes at sites of inflammation is generally preceded by an initial influx of neutro- phils. A number of agents have been shown to activate neutrophils and to induce neutrophil infiltration into inflammatory sites, including FMLP, the anaphylotoxin C5a, and IL-8. IL-8 has been shown to induce neutrophil adhesion to inflamed endothelial cells, neutrophil migration, superoxide release, and degranulation (4) (5) (6) . Besides the effects of IL-8 on PMN functions, it has also been shown to be a T cell chemoattractant (4) (5) (6) (20) (21) (22) (23) (24) . Only some laboratories have been able to reproduce these findings and the effect of IL-8 on T-cell recruitment is still controversial. In the present report, we have demonstrated that IL-8 is indeed a potent T cell migratory agent in vivo. The chimeric hu/SCID mice exhibited marked T cell infiltration by 72 h. This occurred despite the fact that a human cytokine was used to attract human T lymphocytes in a murine milieu necessitating the interaction of migrating human T cells with murine adhesion proteins and cells. However, this chemotactic effect appears to be delayed and murine neutrophil-dependent.
The delayed T cell migratory response to IL-8 may simply be due to a requirement for a higher chemokine dose or gradient in vivo. When only one injection of rhIL-8 was administered and the skin was biopsied 72 h later, human T cells were also detected at the injection site although not to the same extent as with three injections (data not shown). We are currently examining murine neutrophils to determine if their products work on human T cells in vitro. The in vivo data do demonstrate the ability of the huPBL-SCID model to detect cellular interactions that may exert potent physiological responses.
Neutrophils and their secretory products participate in the host response to a number of infectious and noninfectious disease states as well as in facilitating leukocyte migration (41) (42) (43) (44) (45) . Many of the neutrophil's biologically active components are contained within its granules and are released into the extracellular space in response to appropriate stimuli. Human neutrophils contain thousands of these cytoplasmic granules. These membrane-bound organelles function as storage compartments for macromolecules destined for secretion (stored in "specific" or "secondary" granules) or for fusion with phagosomes ("azurophilic" or "primary" granules) (46) (47) (48) (49) (50) . The azurophilic granules contain a diverse array of enzymes, including cathepsins A,D,E, 5Ј-nucleotidase, ␤-galactosidase, arylsulfatase, ␣-mannosidase, N-acetyl-␤-glucosaminidase, ␤-glucuronidase, acid ␤ glycerophosphatase, cathepsin G, elastase, collagenase, myeloperoxidase, muraminidase, cationic peptides, azurocidin and the defensins HNP-1, HNP-2, and HNP-3 whilst the specific granules contain lactoferrin, alkaline phosphatase, lysozyme, vitamin-B 12 -binding protein, neutral proteases, and probably collagenase. In general, the release of specific granule enzymes into the medium is high in comparison with azurophilic granule enzymes. Because specific granules fuse more rapidly with phagosomes than do azurophilic granules, they would more likely be involved if granule release occurred into a developing phagosome before it had been closed to the exterior. Although most of the stimuli that produce granule enzyme release affect both granule types more or less equally, there are stimuli with considerable selectivity for specific granules (51) (52) (53) (54) (55) (56) . These include PMA, ionomycin, concanavalin A, C5a, NaF, lithium, serum-activated zymosan particles FMLP, and the ␣ chemokine IL-8. The present data support the concept that IL-8 and FMLP are potent degranulating and chemotactic agents for human polymorphonuclear neutrophils; however, we have only observed enzyme release in response to IL-8 in the presence of certain adhesion ligands such as fibronectin. VCAM-1-coated plates were also found to promote neutrophil degranulation; however, in all of these cases, contaminating eosinophils were observed in these PMN preparations (data not shown). As eosinophils but not neutrophils bear VLA-4 integrin molecules on their cell surface, we believe that low level eosinophil contamination of PMN preparations may have influenced neutrophil degranulation in the presence of VCAM-1. These results suggest that neutrophil adhesion in conjunction with IL-8 or FMLP provide the necessary signals to promote the degranulation and chemotactic processes.
A recent study depleting neutrophils from rat by treatment with anti-rat neutrophil antiserum is reported to have reduced subsequent development of chronic delayed-type hypersensitivity reactions (57) (58) . This supports the concept that a factor(s) derived from the neutrophils may be important for subsequent monocyte and lymphocyte mobilization. Neutrophils are believed to regulate the accumulation of inflammatory cell populations by producing a number of low MW chemotactic factors such as leukotriene B 4 (LBT 4 ), which can attract more neutrophils and monocytes into the inflammatory sites (59) . However, we believe that neutrophils also regulate T-lymphocyte accumulation in inflammatory sites by the production and storage of T cell chemoattractants.
For neutrophil granules to yield T cell chemotactic factors in vivo, the chemoattractant would need to be released either as a result of degranulation or cell death. In this respect, we have demonstrated that NGs are released into the extracellular milieu when neutrophils are stimulated with IL-8. Almost 40% of the total NGs were released extracellularly after 4-6 h of IL-8 exposure. Similarly, FMLP and PMA induced NG release by 6 h with Ͼ 60% granule release (Table II) .
Chemokine receptors have long been known to be coupled with G-proteins sensitive to bacterial toxins (40) . In the current manuscript, pertussis toxin failed to block the majority of the NG-induced T cell and monocyte chemotaxis as only a small percentage (Յ 15%) of the NG chemotactic activity was found to be inhibited (data not shown). These results suggest that factors like chemokines that interact with G-protein linked receptor are not the predominant factors in our NDCF preparations. This is supported by the neutralization studies in Fig. 7 . In addition, the use of cycloheximide, cyclophosphamide, and actinomycin D with the neutrophil preparations revealed that active transcription and translation does not appear to be necessary for NDCF activity. However, we can not exclude the ability of these blocking agents to inhibit the production of some chemotactic factors by the neutrophils (data not shown).
At the initiation of an inflammatory response, a number of cytokines are released including IL-1 and TNF␣. Cytokineactivated keratinocytes, tissue macrophages, melanocytes, smooth muscle cells, and endothelial cells are induced by IL-1, TNF␣, and other stimuli to produce IL-8. PMNs attracted to the sites of IL-8 production are then induced to degranulate, releasing their intracellular granule contents into the extracellular milieu. Chemoattractants released from NGs at the site of inflammation are able to specifically attract T lymphocytes to the site of NG release. While there are a number of chemotactic proteins produced at sites of chronic inflammation, this neutrophil-mediated migratory event occurs early in the initia- Biol. Chem. In press.), but the relative contribution of these chemotactic factors to the evolution of inflammatory responses remains to be established.
